We show that an isolated impurity in a spin singlet d x 2 y 2 superconductor generates a dxy order parameter with locally broken time-reversal symmetry. The origin of this e ect is a coupling between the d x 2 y 2 and the dxy order parameter induced by spin-orbit scattering o the impurity. The signature of locally broken time-reversal symmetry is an induced orbital charge current near the impurity, which generates a localized magnetic eld in the vicinity of the impurity. We present a microscopic theory for the impurity induced dxy component, discuss its spatial structure as well as the pattern of induced current and local magnetic eld near the localized impurity spin.
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There is now strong evidence to support the identication of the superconducting state of many of the high T c cuprates with a spin-singlet pairing amplitude having \d-wave" orbital symmetry, or more precisely d x 2 y 2 symmetry 1]. This phase preserves time-reversal (T ) symmetry, but breaks re ection symmetry along the 110] mirror plane. As a consequence d x 2 y 2 pairing correlations are particularly sensitive to scattering of quasiparticles on the Fermi surface. In this article we show that an isolated impurity in a spin singlet d x 2 y 2 superconductor generates a complex d xy order parameter (OP) with locally broken T symmetry; the signature of this e ect is an induced orbital charge current near the impurity and a localized magnetic eld in the vicinity of the impurity.
Atomic scale impurities, or defects, scatter conduction electrons which leads to local suppression of the superconducting OP (pair-breaking) near the impurity. The mechanism responsible for pair-breaking is the formation of quasiparticle states near the Fermi level which are bound to the impurity by Andreev scattering 2]. The corresponding reduction in the spectral weight of the pair condensate is responsible for pair-breaking. The existence of quasiparticle states near the Fermi level can also lead to local Fermi-surface instabilities and mixing of order parameters with di erent symmetry 3]. Low temperature phase transitions associated with a secondary OP may provide new information on the mechanism(s) for pairing in unconventional superconductors 4], while impurity-induced mixing of the d x 2 y 2 OP with an OP of di erent symmetry can provide direct information on the atomic structure of the impurity 5].
Recent transport experiments report evidence for low temperature phases associated with a secondary OP at surfaces (T s ' 8 In this model the id xy OP is induced at a temperature above the second phase transition, T < T T c ; the low temperature transition is argued to be ordering of the impurity-induced \patches" of the local d x 2 y 2 id xy order 5]. Above T patches with randomly uctuating internal phase destroy the long range order, hd xy i = 0, but preserve hjd xy j 2 i 6 = 0. Thus, the local structure associated with d x 2 y 2 id xy symmetry near a magnetic impurity should be observable at temperatures well above T . The electronic and magnetic structure near an impurity located near the surface of a superconductor can now be studied with atomic resolution at low temperature by scanning tunneling microscopy (STM) 9].
In this article we investigate theoretically the local structure of the OP and the current distribution in the neighborhood of an atomic impurity within the d x 2 y 2 model for the high T c cuprates. We present new analytical and numerical results for the local d x 2 y 2 id xy OP that develops near a magnetic impurity. Our approach follows closely the theory developed in the late 70's for ions in super uid 3 He 10, 2] , and later adapted to study the properties of impurities in heavy fermion superconductors 11, 12] . The theory of impurity scattering in superconductors can be formulated to quasiclassical accuracy as an expansion in = 0 , where is the (linear in 2D) cross-section of the impurity for scattering of normal-state quasiparticles at the Fermi surface, and 0 = v f = 0 is the superconducting coherence length.
This ratio is typically very small in low T c superconductors and in super uid 3 He, but may be as big as 0:2 for strong scatterers in high T c superconductors.
We start from Eilenberger's transport equation, for the matrix propagator in particle-hole/spin space, g(p f ; r; n ). The diagonal element of the propagator determines the local density of states and local equilibrium current distribution, and the o -diagonal elements are the components of the local pair amplitude. Quasiparticle scattering o an isolated impurity is included through a source term on the r. ) 2 ( 0 ), where the eigenfunctions are 1 ( ) = cos 2 and 2 ( ) = sin 2 for the two channels, respectively. The dominant, attractive interaction is V 1 V x 2 y 2 , and the subdominant interaction, V 2 V xy , may be either attractive or repulsive. We neglect the s-wave pairing channel in order to simplify the analysis, and we restrict our discussion to the regime in which the subdominant interaction, V xy , is repulsive or too weak to nucleate a bulk d xy OP.
Numerical calculations of the OP and current distribution were carried out for an isolated impurity at r = 0, with thet matrix source term of the form t(p f ; p f ; n ) (r) in real space. We modeled the position of the impurity to quasiclassical accuracy by replacing the delta function by a smooth function, r0 (r) = 2i eQ 1 E(E 2 + Q 2 ) (t 2 + 2 ) ; (6) where t 2 is the^ 2 component oft.
We evaluate thet matrix in second-order Born approximation, which is adequate for weak scattering. More importantly, the Born approximation generates the relevant coupling between the d x 2 y 2 and d xy order parameters. We also assume that the impurity potential is short-ranged, so we retain only the scattering amplitudes for the s-wave and p-wave channels, i. 
with the spin-orbit parameter~ 2 = u 0 1 +u 1 0 +J 0 w 1 + J 1 w 0 , and the impurity spin S z . The t 2 term generates a correction to the o -diagonal propagator with d x 2 y 2 (B 1g ) symmetry and induces the id xy (B 2g ) OP near the impurity. These amplitudes also determine the current distribution (6) , and satisfy the coupled equations Bulk impurity scattering is pair-breaking for any unconventional OP including the induced d xy amplitude. 
2 (r), current density, j
(r) (x and y components), and magnetic eld, B (n) z (r), along the h010i and h110i directions at T = 0:1Tc for a modest dxy pairing interaction of Tc2=Tc1 = 0:1 (well below the bulk transition to d x 2 y 2+idxy). j(q) = i eN f T
